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Abstract 
The Precision Linear Shaped Charge (PLSC) design concept invc, Jes the independent fabrication 
and assembly of the liner (wedge of PLSC), the tamper/confinement, and explosive. The liner is 
the most important part of a linear shaped charge (LSC) and should be fabricated by a more 
quality controlled, precise process than the tamper material. Also, this concept allows the liner 
material to be different from the tamper material. The explosive can be loaded between the liner 
and tamper as the last step in the assembly process rather than the first step as in conventional 
LSC designs. PLSC designs have been shown to produce increased jet penetrations in given 
targets, more reproducible jet penetration, and more efficient explosive cross-section geometries 
using a minimum amount of explosive. The Linear Explosive Shaped Charge Analysis (LESCA) 
code developed at Sandia National Laboratories has been used to assist in the design of PLSCs. 
LESCA predictions for PLSC jet tip velocities, jet-target impact angles, and jet penetration in 
aluminum and steel targets are compared to measured data. The advantages of PLSC over 
conventional LSC are presented. 

As an example problem, the LESCA code was used to analytically develop a conceptual design 
for a PLSC component to sever a three-inch thick 1018 steel plate at a water depth of 500 feet 
(1 5 atmospheres). 
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PRECISION LINEAR SHAPED CHARGE 
ANALYSES FOR SEVERANCE OF METALS 

t 

* Introduction 
Sandia National Laboratories (SNL)'-' is involved in the design of Linear Shaped Charges (LSC) 
varying in size from as small as 10 to larger than 11,000 graindfoot (grift). These LSC 
components are required to perform such functions as rocket stage separation, parachute 
deployment, parachute system release, flight termination, system destruct, bridge destruction, 
severance of thick metallic barriers and system flight abort or disablement. Most of the LSC 
components for these systems require precise and reproducible jet penetration using the minimum 
explosive and component weights. 

Sandia National Laboratories has conducted research and development work to design Precision 
Linear Shaped Charges (PLSC). 
process of an LSC is a complex phenomenon. The Linear Shaped Explosive Charge Analysis 
(LESCA) code was developed at SNL to assist in the design of PLSC components. Analytical 
output from the LESCA code is presented and compared to experimental data for various LSC 
designs in the 16 to 5000 gr/ft explosive loading range. The LESCA code models the motion of 
the LSC liner elements due to explosive loading, jet and slug formation, jet breakup, and target 
penetration through application of a series of analytical approximations. The structure of the code 
is intended to allow flexibility in LSC design, target configurations, and in modeling techniques. 
The analytical and experimental data presented include LSC jet penetration in aluminum and steel 
targets as a function of standoff, jet tip velocities, and jet-target impact angles. 

1-9 
The sweeping detonation and three-dimensional collapse 

As an exampk problem, the LESCA code was used to analytically develop a conceptual design 
for a PLSC component to sever a three-inch thick 1018 steel plate at a water depth of 500 feet 
(1 5 atmospheres). 

General Linear Shaped Charge 

The parameters or variables for a general linear shaped charge cross section are illustrated in 
Figure 1. The large number of variables defining an LSC cross-section geometry makes the 
design of "the" optimum LSC a very difficult task primarily because it is not obvious as to which 
variables to initially hold constant in any given parametric study. Therefore, the scaling of LSCs 
is not a simple task. The larger core explosive loading (gr/ft) of similar conventional LSCs from 
the same manufacturer do not necessarily produce deeper jet penetrations in a given target. As 
shown in Figure 1, the LSC design depends on many variables other than just total explosive 
weight. 

. 

'c operational characteristics of an LSC are shown in Figure 2. For 
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conventional off-the-shelf LSCs, a metal tube or sheath containing explosive is swage-formed so 
that a wedge or cavity is created on one side. The LSC is typically point- or end-initiated and a 
detonation wave propagates along the longitudinal axis. The wedge collapses on itself and forms 
a high velocity sheet of jet particles. In general, because of the sweeping (propagating direction is 
90 degrees from the desired jet cutting direction) detonation wave, the jet particles are not 
projected perpendicular to the original direction of the liner nor is the particle velocity 
perpendicular to the jet front (the jet angle relative to the target will be illustrated in later 
sections). 

As illustrated in Figure 2(b), the LSC liner collapse produces two molten metal projectiles or jets. 
The leading, relatively high velocity (0.3 - 0.5 cdus) main jet produces most of the jet 
penetration into the target. The slower (0.1 - 0.15 cdus) rear jet or slug is sometimes found 
embedded in the cavity generated in the target by the main jet. Total severance of a finite 
thickness target can be a result fiom both the penetration of the main jet and the fracture of the 
remaining target thickness. The fiacture portion of the severance thickness usually varies and can 
be as much as 50% of the thickness depending on the target strength parameters. 

Conventional Linear Shaped Charge 

Typically, for more than 50 years, conventional LSCs have been fabricated by loading a cylindrical 
tube with granular explosives, and then roll- or swage-forming the loaded tube to the familiar 
chevron configuration illustrated in Figure 3. 

Some of the disadvantages of conventional LSC designs are as follows: 

1. Nonsymmetrical cross-section geometries, 
2. Nonuniform explosive density (neither within a plane at a given distance 

or along the length), 
3. Nonoptimized explosive and sheath cross-section geometries, 
4. Nonreproducible jet penetrations in target materials, and 
5 .  Historically designed for nonprecise jet cutting. 

Typical explosive and sheath (liner and tamper) cross-section geometries of a conventional 
25 gr/fk, aluminum sheathed LSC loaded with HNS I1 explosive are shown in Figure 4 for 
polished and magnified (20X) sections from the same lot and a couple of feet apart. Conventional 
LSC disadvantages 1 - 3 listed above are very obvious in Figure 4. Figure 5 illustrates the test-to- 
test variations in jet penetration of an aluminum target for the 25 gdft conventional LSC shown in 
Figure 4. The reproducibility of this LSC is plus or minus 39%. 
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Precision Linear Shaped Charges (PLSC) 
For a PLSC, the liner, explosive, and tamper materials can be assembled as illustrated in Figure 6. 

fabrication methods which result in a more precise component. The quality control of the liner is 
. The liner, tamper, and explosive are manufactured independently to allow the required control of 

most important m the performance of LSC devices. * 

An extruded, machined, buttered, or cast explosive is loaded or assembled between the liner and 
tamper components after these other two components are fabricated. The explosive can be 
loaded using single or multiple extrusions, automated continuous feed injection techniques, or by 
a "buttering" manual technique, if necessary. Assembly aids, such as the use of vacuum, are also 
usefbl. 

The LESCA code has been used to improve the PLSC parameters. The explosive charge to liner 
mass ratio can be designed to optimize the transfer of energy from the detonation wave through 
the liner to the high-velocity jet. The explosive charge to tamper mass ratio can be designed to 
optimize the tamper material and thickness. The maximum tamper thickness is defined as that 
thickness beyond which no additional gain in the liner collapse velocity is obtained. The tamper 
can be made of a different material than that selected for the liner in order to: 

1. Fit different configurations, 
2. Allow for explosive loading (buttering, etc.), 
3. Allow selection of tamping characteristics in material, 
4. Allow for built-in shock mitigation properties, and 
5 .  Allow for a built-in standoff housing free of foreign materials 

and water which degrade jet formation. 

Linear Explosive Shaped Charge Analysis 
(LESCA) Code 

The original Linear Shaped Charge Analysis Program (LSCAP) was renamed the Linear 
Explosive Shaped Charge Analysis (LESCA) code. Therefore, throughout this report, LSCAP 
and LESC A code modeling, simulation, and predictions are interchangeable. The renaming of the 
code was necessary because of cordhion with the Shaped Charge Analysis Program (SCAP) also 
developed at Sandia for the design of conical shaped charges. 

The modeling capabilities of the LESCA code include: 

1. Sweepingkangential detonation propagation, 
2. M-target impact angles, 

ion and velocity, 
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4. Jet formation process, 
5 .  Jet penetration process including layered targets, 
6. Jet breakup stress model, and 
7. Target strength modeling. 

The code is inexpensive relative to hydrocodes, can be easily used to conduct parametric studies, 
and is interactive (user friendly). The LESCA modeling of half of an LSC cross section 
(symmetry is assumed) is illustrated in Figure 7. Figure 8 shows sample LESCA output 
illustrating an LSC with a variable standoff to an aluminum target, sweeping detonation, ajet 
fkont envelope of 26.7 degrees, jet particle path relative to the target, and a comparison of the 
predicted and experimental target-jet penetration at 8 and 24 microseconds, respectively. The 
data of Figure 8 illustrate the code ability to predict the jet particle path relative to the target 
surface. 

The measured jet tip envelope angle, q (defined in Figure 8), and jet particle velocity vector angle, 
a (defined in Figure 8), are shown in Figure 9 for two different LSCs. Measured data from 
Cordin rotating mirror camera film records were used in the angle comparisons with LSCAP 
(LESCA) code predictions listed in Table I. 

Assuming a symmetrical liner collapse process, typical LESCA code graphical representations are 
shown in Figure 10 for two different LSCs. The LSC jet, slug, liner, tamper, and detonation 
product gases are shown in Figure 10. 

LESCA code predicted jet penetration versus standoff data are shown in Figure 1 1  for 
configurations with the detonator at the minimum versus maximum standoff end of the LSC, as 
illustrated in the top half of Figure 1 1 .  Experimental jet penetration versus LSC standoff from the 
target data are also compared to the LESCA code predictions in Figure 1 1 .  

Aluminum Targets 
This section includes PLSC design configurations and LESCA code predicted versus measured jet 
penetrations into aluminum targets versus standoff data. 

"Flange" Liner Configuration PLSC 
The "flange" type PSLC design shown in Figure 12 was designed to allow the extrusion of the 
LX-13 explosive from one end of the liner and tamper assembly. The length that can be extruded 
varies with the area or size of cavity between the liner and the tamper materials. 

25 gr/ft PLSC 
The LESCA code jet penetration versus standoff data are compared to measured data in 
Figure 13 for the conventional, 25 gr/ft, HNS explosive, aluminum liner, aluminum tamper LSC 
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cross-section geometry shown in the figure. A similar PLSC was designed to compare jet 
penetration performance with the conventional LSC shown in Figure 13. Aluminum liner and 

(90 degrees). The explosive was LX-13 for the PLSC and HNS I1 for the conventional LSC. 

penetration into an aluminum 606 1 -T6 target versus standoff data are compared in Figure 14. 
The PLSC maximum jet penetration was 40% greater than for the conventional LSC. 

tamper materials were used. The liner apex angle was the same as the conventional LSC 

The LX-13 and )INS I1 explosive metal driving ability is about the same. The measured jet * 

A parametric study was conducted incorporating the following variables into the 25 gr/fi, LX-13 
explosive, flange PLSC designs similar to Figure 12: 

1 .  Explosives 
a. LX- 13/XTX-8003/PBXN-30 1 

2. Liner materials 
a. Copper 
b. Aluminum 
c. Nickel 

3. Tamper/confinement material 
a. Aluminum 

4. PLSC Geometry 
a. Liner apex angles (0): 70, 90 and 105 degrees 
b. Liner thicknesses (t): .004, and .010 inches 

The PLSC materials, liner thickness (t), and apex angles (0) were varied as listed in Table I. The 
PLSC jet tip velocity (Vj), jet envelope angle (q), jet-target impact angle (a), jet penetration into 
an aluminum 6061-T6 target (P), and optimum standoff (S.O.) are also listed in Table I. The 
LESCA predicted data are compared to the experimental measured values for most of the 
parameters. The effect on jet penetration versus standoff due to variations in some of the PLSC 
cross-section parameters were published in Reference 1 .  

I 

~ 

65 grift PLSC7 
The 65 gr/fi "flange" liner configuration PLSC7 cross-section geometry is shown in Figure 15. 
The jet penetration into an aluminum (6061-T6) target versus standoff data predicted by the 
LESCA code are compared to experimental data in Figure 16. The PLSC7 configuration includes 
a 0.012 inch thick copper liner, LX-13 explosive, and an aluminum tamper. 
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@@W@ Liner Configuration PLSC 
20 gr/ft PLSC5 
The "W" liner configuration PLSC design, cross-section geometry shown in Figure 17 was 
designed to allow the explosive to be loaded using an automated feed injection technique or 
manually loaded in the liner in a buttering technique. These loading techniques are required for 
relatively small PLSC cross sections where long segments are desired. The 20 gdft PLSC5, 
LESCA code predicted, jet penetration versus standoff data are compared to measured data in 
Figure 17. The PLSCS configuration includes a 0.008 inch thick copper liner, LX-13 explosive, 
and aluminum tamper. The apex angle was 75 degrees. 

The "W" liner configuration design, 30 gr/ft PLSC6 cross-section geometry, and copper liner 
actual cross-section geometry are shown in Figure 18. The LESCA-code-predicted jet 
penetration into an aluminum 606 1 -T6 target versus standoff data are compared to measured data 
in Figure 18. The PLSC6 configuration includes a 0.008 inch thick copper liner, LX-13 
explosive, an aluminum tamper, and a 77 degree liner apex angle. 

The test-to-test reproducibility for the PLSC6 design is illustrated in Figure 19. The measured jet 
penetration versus standoff data are compared for two different tests with a variable standoff LSC 
versus target configuration as illustrated in Figures 8 and 1 1. The LSC to large standoff varied 
fiom zero at one end to 0.225 inches as the other end. The measured jet penetration versus 
distance along the target data are shown in Figure 20 for two different tests and for a constant 
standoff (between the LSC and target) of 0.100 inches. For either variable (Figure 19) or 
constant (Figure 20) standoff LSC-target configurations, the test to test reproducibility of the jet 
penetration is very good. 

30 gr/ft PLSCG 

5,000 gr/ft PBXN-301 Explosive/PLSC 
Previously, the largest (5,000 gr/ft) PLSC design cross-section configuration is shown in 
Figure-21. This is a copper, W liner configuration with a copper tamper housing crimped around 
the liner after the explosive was loaded. This PLSC configuration includes a 0.067 inch thick 
copper liner, PBXN-301 explosive, a copper tamper, and a 76 degree liner apex angle. 

The PLSC and aluminum target test configuration is shown in Figure 22. The minimum PLSC 
standoff was 1.0 inches and the maximum standoff was 2.0 inches as shown in Figure 22. The 
target dimensions were 6 x 6 x 12 inches. The detonator was located at the maximum standoff 
end. The LESCA-code-predicted jet penetration into an aluminum 606 1-T6 target versus 
standoff data are compared to measured data in Figures 23 and 24. Measured data for untreated 
and for annealed (1300 degrees F), air quenched copper liners are compared in Figures 23 and 24. 
Post-test photographs of the aluminum targets are shown in Figures 25 (side view of half of 
target) and 26 (top view of both halves of target) for test number 3 (annealed liner). Post-test 
photographs of the aluminum targets are shown in Figures 27 (side view of half of target) and 28 
(top view of both halves of target) for test number 5 (untreated liner). 
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. 
Steel Targets 

This section includes linear shaped charge design configurations and LESCA code predicted 
versus measured jet penetrations into mild steel targets verqbs standoff data. The 
modelinghimulation of the LESCA code were validated usifig measured jet penetrations in mild 
steel targets from data generated at Sandia for 600,850, lk0, and 2000 gr/ft LSCs. 

Conventional LSCs 
The cross-section geometries for the 600, 1440, and 2000 conventional LSCs are shown in 
Figures 29 through 3 1, respectively. 
housing). These LSCs include RDX explosive and total widths ranging from 1.02 to 1.15 inches. 

These LSCs contain bopper sheaths (liner and tamper 

The LESCA-code-predicted jet penetration into mild steel tlargets versus standoff data are 
compared to measured data in Figures 32 through 34. PostLtest photographs of a typical steel 
target are shown in Figures 35 (side view of half of target), ~36 (edge View), and 37 (top view of 
both halves oftarget). 

850 gr/f% PLSC I 

The 850 gr/ft PLSC configuration is shown in Figure 38. Tbis PLSC includes a 0.067 inch thick 
copper liner, a polyethylene tamper housing, and Octo1 expllosive as shown in Figure 38. The 
LESCA-code-predicted jet penetration into a mild steel target versus standoff data are compared 
to measured data in Figure 39. 

Example Prob~lem 

General 
As an example problem, the LESCA code was used to analytically develop a conceptual design 
for a PLSC component to sever a three-inch thick 1018 steel plate at a water depth of 500 feet 
(1 5 atmospheres). The problem configuration is shown in Ii'igure 40. The practical application of 
such a problem was assumed to be similar to what might beirequired to scrap or salvage the steel 
from a sunken ship. Therefore, the explosive charge could be lowered from a ship using a 
spooled cable on a jib crane. Divers could place the detonator lines and PLSC on the plate to be 
severed. Two detonators could be used for higher reliability and redundancy. The detonator and 
PLSC would be installed inside a pressure vessel or housingl to withstand the 15 atmospheres 
(220.5 psia) external pressure. The required PLSC standoff (to allow the jet to form) from the 
target would be built into the pressure vessel housing with s(. minimum material thickness for the 
jet to penetrate before impacting the steel target. 
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LESCA Code Modeling/Simulation 
The assumption was made that there are no constraints or limitations in the following: 

1. PLSC size/geometry, 
2. Explosive type, 
3. Liner material, 
4. Tamper/confinement material, 
5 .  PLSC to steel target standoff, 
6. Explosive weight, and 
7. Total component weight. 

PLSC Liner Material 
The liner material is usually chosen from as high a density as the chosen explosive can accelerate 
efficiently and of a very ductile material. The higher densities produce the deeper jet penetration 
in a given target material. The higher ductility allows the jet to stretch to a longer length before 
breakup and this also produces deeper penetrations. Economics and practicality are factors to be 
considered in the liner material selection. Obviously, gold and platinum could be considered if 
only a couple of sets of hardware are required. Depleted uranium and lead are environmentally 
not acceptable. Tantalum and copper are the mostly likely candidates with all things considered. 
Copper was selected for this study simply based on costs and workability. Shear formed (spun) 
and stamped manufactured liners perform the best. 

Explosive 
The desired explosive for a PLSC is extrudable, castable, or one that can be injected by a 
continuous feed, automated technique. Explosives with higher metal driving or acceleration 
ability are desired. Secondary explosives with relatively high densities (implies higher detonation 
pressure, velocity, energy and Gurney velocity) are the best. Although PBXN-301 (LX-13 or 
XTX-8003) does not have all of the desired properties, it was chosen for this study simply 
because it is readily available and can be easily loaded into a PLSC design. It is also very stable 
and water resistant after it cures. This explosive also cures to a homogeneous density throughout 
the cross-section geometry and along the length of the PLSC. PBXN-301, LX-13, and XTX- 
8003 are all made of 80% PETN explosive and 20% SYLGARD binder. The three designations 
refer to products manufactured by the Navy, Lawrence Livermore National Laboratory, and Los 
Alamos National Laboratory, respectively. This explosive has the following properties that are 
required to run LESCA: 

1. Density: 1.53 g/cc 
2. Detonation velocity: 0.73 c d u s  
3. Gurney velocity: 0.25 c d u s  
4. Explosive exponent: 2.88 
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TamperfConfinement Material 
The tamper or confinement of the PLSC should be fabricated from the most dense material that is 
practical or economically feasible. Material properties are not important except those that are 
required to assemble the hardware. Copper was arbitrarily chosen for this study. 

.! Pressure Vessel Material 
The pressure vessel material is chosen simply to structurally withstand the external pressure of 15 
atmospheres. Because the PLSC jet must penetrate the vessel, this wall thickness must be kept to 
a minimum and of material made of relatively lower density. Titanium material would be ideal 
because of the relatively high strength and low density. Cost considerations usually result in the 
selection of a steel material. 

Ass u m pt io n s 
The large number of variables (Figure 1) defining an LSC cross-section geometry makes the 
design of "the" optimum LSC a very difficult task, primarily because it is not obvious as to which 
variables to hold constant in any given parametric study. Therefore, several optimized PLSC 
designs are possible to perform a given task depending on any of a number of selected 
approaches. 

Because of our experience and success with the "W" liner configuration, this design was chosen 
for this task. A parametric study including the LSC variables shown in Figure 1, using the 
LESCA code, was conducted to find the minimum explosive weight to sever the three inches of 
1018 steel. 

The following assumptions were made: 

I. The steel severance would be accomplished by the jet only penetration 
(no credit taken for fracture); 

2. Minimize the explosive weight for a given cross-section geometry; 
3. The liner materia1 is copper; 
4. The explosive is PBXN-301; 
5 .  The tamperkonfinement material is copper; and 
6. The length of the PLSC is arbitrary. 

Results 
The selected PLSC cross-section geometry is shown in Figure 41. The explosive loading is 
10,740 gr/fi (about 1.5 lb/fi). The total PLSC component weight is 66,504 gr/R (about 9.4 Ib/fi). 

The PLSC and steel target variable standoff configuration shown in Figures 42 and 43 was 
arbitrarily selected. This variable standoff configuration will allow the prediction of the PLSC 

J 

tration (3.22) in steel and also the determination of the optimum standoff 
ss-sedon geometry as shown in Figure 44. 
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The constant standoff configuration shown in Figure 45 was arbitrarily selected. The constant 
standoff configuration can also allow the prediction of the PLSC maximum jet penetration 
(3.5 inches) in steel and also the determination of the optimum standoff (1.74 inches) as shown in 
Figure 46. The maximum jet penetration and optimum standoff between the variable and constant 
configurations is due to the difference in the jet particle vector-target impact angles [(a), see 
Figures 8 and 431. 

The axes (X and Z) defining the jet vector are shown in Figure 43. The jet tip X-axis (VX), 
Z-axis (VZ), and resultant vector (VMAG) velocities versus distance (XI) fiom the liner apex 
(XI = 0) to the liner base (XI = 1) are shown in Figure 47. The maximum resultant vector jet tip 
velocity was 0.47 cdus.  The jet envelope angle [(p), defined in Figures 8 and 431 was 
38 degrees. The jet particle vector-target impact angle [(a), see Figures 8 and 431 for the variable 
standoff is 71 degrees. 

The PLSC jet - steel target penetration graphics are shown in Appendix A in Figures A1 through 
A9 for the variable standoff configuration. The PLSC jet - steel target penetration graphics are 
shown in Appendix B in Figures B 1 through B9 for the constant standoff configuration. 

Conclusion 
Precision Linear Shaped Charge liner, tamper, and explosive fabrication processes have been 
demonstrated to produce increased jet penetrations in aluminum and steel targets, more 
reproducible jet penetrations, and more efficient explosive cross sections compared to equivalent 
commercial LSCs. 

The LESCA predicted jet tip velocities are within 20% of the experimental values (Table I). The 
predicted jet envelope angles (9) relative to the PLSC are within 20% of the photometrically 
measured values (Table I). The measured jet-target angles (a) are within 11% of the predicted 
values (Table I). Data for PLSC jet penetration into an aluminum target was presented 
demonstrating a 10% reproducibility for a given test (Figure 20). Data were presented to 
illustrate 40% improvement in maximum jet penetration for a PLSC design compared to an 
equivalent 25 gr/ft conventional LSC design (Figure 14). 

Jet penetration versus explosive loading data are summarized in Figure 21 and Table I1 for the 
PLSC designs for most of the aluminum target data presented in this report. The target material 
was aluminum 6061-T6. The explosive was LX-13. The tamping material was aluminum, copper 
or Lexan. The data include both "flange" and "W" PLSC designs. Both 'W" and "flange" PLSC 
designs performed equally well. Data for fracture , which is part of the total severance of a 
finite thickness target, was not included in the jet only penetration data presented throughout this 
report. Modeling/simulation of the fracture mechanism requires the use of a hydrocode like 
CTH" l2 which was developed at Sandia. 
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The LESCA code predicted maximum jet penetrations in steel were in very good agreement with 
the measured data as shown in Figures 32- 34 and 39 for 600, 1440,2000, and 850 gr/fi LSCs. 
The sample problem PLSC liner, explosive, tamper, and target parameters are summarized in 
Table 111. The PLSC performance parameters are summarized in Table IV. 

A parametric study with the LESCA code to determine "the" optimum PLSC design is very 
difficult because of the large number of interrelated variables. This does, however, emphasize the 
importance of the LESCA code in obtaining a more optimized design than is currently available 
fiom conventional LSC designs. For a given, new component, once the customer requirements 
are defined (constraining or fixing some PLSC parameters), then the LESCA code can be used to 
optimize the remaining parameters. 

If a m e  detailed, three-dimensional shock wave physics modelinghimulation is desired, then the 
CTH hydrocode can be used. In addition to the problem geometries, the code requires the 
equations of state and Rankine-Hugoniot parameters for all of the different materials to generate 
the following information: 

1. 
2. 
3 
4. 
5. 

6. 
7. 
8. 
9. 

10. 
11. 

Material flow graphics, 
Pressurelshock contours in the different material, 
Shock and rarefaction wave tracking in the different material, 
Material density contours, 
Material velocity, temperature, density and pressure-time profiles in all 
materi a1 s, 
Explosive initiation fiom single to multiple points, 
LSC liner acceleration, 
Jet formation, 
Jet elongation, 
Jet penetration in all target materials, and 
A lot of other information. 

The PLSC designs similar to those presented here have recently been incorporated in Sandia 
National Laboratory (SNL) systems. The Explosive Components Department plans to use PLSC 
designs in all hture SNL systems requiring jet severance of materials, including metals, Kevlar 
parachute suspension lines, thick steel plates, and graphite-epoxy motor cases. 
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Table II. PLSC Jet Penetration of Aluminum Target Data 

- PLSC 

0 

3 

5 

6 

7 

8 

9 

10 

(ar/ft) 

25 

16 

20 

30 

65 

850 

5000 

10,740 

Explosive 

Lx-13 

Lx-3 

LX-13 

LX-13 

LX-13 

OCTOL 

PBXN-301 

Lx-13 

Tamper 

Aluminum 

Aluminum 

Aluminum 

C u/Lexan 

Aluminum 

Copper 

Copper 

Copper 

P - Jet Penetration Depth 
S.O. - PLSC Standoff From Target 

(grift) - grain/foot Explosive Loading 

* - LESCA Predicted 

Taraet 

606 1 -T6 

7075T6 

6061 -T6 

606 1 -T6 

606 1 -T6 

606 1 -T6 

606 1 -765 1 

606 1 -T6 

AI S.O. Steel 
P (in) (in) P(in1 

0.170 0.100 

0.070 0.080 

0.130 0.909 

0.190 0.100 

0.320 0.137 

1.52 0.75 0.9 

3.2 

5.1* 3.0* 
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Table 111. Example Problem PLSC Parameters 

ITEM PARAMETER VALUE 

LINER: 
Material: 
Thickness (in): 
Density (g/cc): 
Sound velocity (cmhs): 
Apex angle (degrees): 
Inside width (in): 
Outside width (in): 
Apex height (in): 

I 

Copper 
0.100 
8.96 
0.394 
76 
2.48 
2.68 
1.70 

I TAMPEWCONFINEMENT: 
I 

I 1 

EXPLOSIVE: 
Type: 
Density (g/cc): 
Detonation velocity (cmhs) 
Gurney velocity(cm/us): 
Explosive exponent: 
Height (in): 
Maximum width (in): 
Explosive weight (gr/ft): 

PBXN-301 
1.53 
0.73 
0.25 
2.88 
2.38 
3.22 
10,740 

Material: 
Density (gkc): 
Inside width (in): 
Outside width (in): 
Height (in): 

Material: 
Densitv (a/cck 

TARGET: 

19 

copper 
8.96 
3.22 
3.85 
2.52 

101 8 steel 
7.86 

Thickness (in): 3.0 



Table IV. Example Problem Jet Penetration in Steel Data Summary 

Variable Standoqin): 
Constant Standoqin): 

Target: 3.0 inch thick 1018 steel plate 

2.00 
1.74 

ITEM I PARAMETER VALUE 
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RLI = LINER INNER RADIUS 
RLO = LINER OUTER RADIUS 
RCI = CONFINEMENTEHEATH INNER RADIUS 
RCO = CONFINEMENT/SHEATH OUTER RADIUS 
HI = LINER INNER HEIGHT 
HA = LINER ACTUAL HEIGHT 
H = LINER THEORETICAL APEX HEIGHT 
HCI = CONFiNEMENT/SHEATH INNER HEIGHT 
HCO = CONFINEMENT/SHEATH OUTER HEIGHT 
HE = EXPOSIVEHEIGHT 
HH = EXPLOSIVE HEIGHT ABOVE APEX 
TL = LINERTHICKNESS 
TC = CONFlNEMENnSHEATH THICKNESS 
R1 = LINER INNER APEX RADIUS 
R 2  = LINER OUTER APEX RADUS 
R3 
R4 

= CONFINEMENTISHEATH INNER APEX RADIUS 
= CONFINEMENT/SHEATH OUTER APEX RADIUS 
= LINER INNER APEX HALF ANGLE 
= LINER OUTER APEX HALF ANGLE 
= CONFINEMENTISHEATH INNER APEX HALF ANGLE e3 

0 4  = CONFlNEMENT/SHEATH OUTER APEX HALF ANGLE 

1, LSC CROSS-SECTION VARIABLES 
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(c) LATE TIME 
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F 

PHOTOGRAPH OF 150 gr/ft, RDX, AI SHEATH, LSC JET 
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